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CORRECTION  TO  RANGE  OF  HEAD  ECHO  FOR  BK19 


SRI  has  been  involved  in  the  design  and  development  of  the  DAZZLE 
radar  and  analysis  of  the  data  derived  therefrom.  The  radar  was 
designed  specifically  for  study  of  re-entry  phenomena  at  55  Me  and 
153  Me.  It  is  located  at  Central  Boro  on  the  missile  testing  range 
near  Woomera,  South  Australia.  Previous  results  on  the  first  two 
firings  of  the  BlacK  Knight  in  the  DAZZLE  series,  BK19  and  BK20,  have 
been  reported  in  Semiannual  Technical  Report  V  and  Special  Report  1 
for  Contract  DA-04-200-GRD-1268. 

The  data  analysis  has  been  hampered  by  the  jitter  of  the  head 
echo  within  the  range  gate  from  one  pulse  code  group  to  another. 
Although  it  was  realized  in  the  design  of  the  radar  tnat  the  position 
of  the  head  echo  in  the  rango  gate  would  need  to  be  determined  from 
one  pulae  code  group  to  the  next,  it  had  been  assumed  that  the  head 
echo  would  be  much  stronger  than  was  actually  observed.  The  sun  Her 
signal- to-noise  ratio  measured  is  due  to  the  degraded  antenna  per¬ 
formance  (two-way  gain  dovn  12  db)  at  153  Me  caused  by  mutual  coupling 
in  the  antenna  feed  system.  Determination  of  the  head  location, 
therefore,  requires  further  effort  than  had  been  anticipated. 

In  order  to  obtain  the  required  rang©  resolution  for  the  Project 
DAZZLE  radar,  the  d-j ta  are  recorded  on  high-speed  film  with  a  fast 
time  base.  Each  successive  pulse  return  is  recorded  separated  in 
A-scope  format  (see  Fig.  1)  with  a  25-^sec  ti mo  base.  During  re-entry 
the  target  range  rate  is  on  the  order  of  5  km/sec,  thus  an  automatic 
range  tracking  system  is  required.  The  high  r&nge-resolution  data 
make  use  Ox  transmitted  pulses  0.25  psec  long.  This  puls©  return  from 
the  re-entry  head,  as  received  in  a  10- Mo  2F  bandwidth,  does  not 
provide  sufficient  signal- to- noiee  ratio  to  provide  reliable  range 
tracking.  The  range  tracking  system  therefore  operates  on  a  10-^iSec 
pulse  return,  as  received  in  a  100-kc  IF  bandwidth.  The  range  track¬ 
ing  stability  thus  obtained  is  not  as  good  as  desired  but  is  the  best 
that  can  be  achieved  with  the  system  sensitivity  available.  In 
addition,  the  wake  returns  behind  the  head  adversely  affect  the 
apparent  position  of  the  head  as  the  wake  behind  the  head  periodically 
builds  up  and  collapse* „ 

The  range  tracking  unit  controls  the  radar  synchronizer  which,  in 
turn,  determines  the  timing  of  the  transmitter  pulses  and  correspond¬ 
ing  delayed  triggers  preceding  each  of  the  returned  echoes.  A  pulse 
code  is  normally  transmitted  and  consists  of  a  tracking  pulse  10  j^sec 
±n  length  followed  6.1  msec  later  by  a  train  of  pulses  termed  pulse 

train  A,  the  first  of  which  is  followed  6*1  msec  later  by  another 

pulse  train  termed  pulse  train  B.  Following  the  first  pulse  of  train 

B  by  6.1  msec,  the  tracking  pulse  and  successive  pulse  trains  are 

again  repeated.  The  pulse  width  and  spacing  of  pulse  trains  A  and  B 


1 


are  separately  controllable?  as  are  the  number  of  pulses  within  a  train 
up  to  a  maximum  of  10.  A  delayed  trigger  is  generated  following  each 
pulse  of  the  pulse  code,  the  amount  of  the  being  determined  by 

the  range  tracking  system*  For  a  given  pulse  code  consisting  of  a 
tracking  pulse  and  two  pulse  trains,  the  delay  between  the  trans¬ 
mitted  pulse  and  the  delayed  trigger  is  constant  to  within  ±20  nsec. 

The  delay  is  corrected  once  eiery  pulse  train,  so  that  the  relative 
position  of  the  head  return  with  respect  to  the  delayed  trigger  can 
change  from  one  pulse  train  to  the  next  but  not  within  a  given  train. 
Correlation  studies  within  a  pulse  train  are  therefore  readily 
achievable  but  are  more  difficult  from  one  pulse  train  to  the  next. 
Thus,  when  observing  the  head  echo  there  is  an  apparent  jitter  in 
range. 

It  is  possible  to  measure  the  relative  range  from  the  delayed 
trigger  to  the  echo  return  from  the  second  stage,  since  the  second 
stage  produces  a  strong  echo  throughout  re-entry.  This  relative 
delay,  as  determined  by  a  measurement  to  the  leading  edge  of  the 
second-stage  echo,  is  plotted  in  Fig.  2.  The  relative  range  between 
the  second  stage  and  the  head  is  known  to  be  a  smooth  monotonically 
varying  function.  In  order  to  obtain  a  smoothed  curve  corresponding 
to  the  actual  position  of  the  second  stage,  a  least- mean- square  fit 
to  a  third-order  polynomial  has  been  made  to  the  points  in  Fig.  2. 

The  difference  between  the  points  and  the  best-fit  trajectory  then 
corresponds  to  the  relative  position  of  the  head  with  respect  to  the 
delayed  trigger.  These  values  are  tabulated  in  Table  I.  A  negative 
delay  requires  that  the  head  echo  be  shifted  closer  to  the  delayed 
trigger.  By  shifting  each  A-scope  trace  an  amount  given  in  Table  I, 
all  successive  tr**'-^'5  should  line  up  so  that  the  position  of  the  head 
return  for  successive  pulse  code  groups  can  be  determined. 

Since  the  position  of  the  delayed  trigger  can  shift  with  respect 
to  the  head  echo  from  one  pulso  train  to  the  next,  this  series  of 
measurements  needs  to  be  done  for  each  train  separately.  The  values 
given  in  Table  I  are  only  for  pulse  train  B,  the  series  of  ten  pulses 
spaced  600  jisec  apart.  The  measurements  presented  used  the  last  pulse 
in  each  train  as  indicated  by  the  arrow  in  Fig.  1.  The  pulse  train 
corresponding  to  pulse  No.  1  in  Table  I  is  defined  in  Fig.  1.  The  time 
shown  (time  after  lift-off  and  universal  time)  corresponds  to  the 
TIM  100  time  marks  on  the  edge  of  the  film. 
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